L umbar fusion for degenerative disk disease and diskogenic low back pain, also called diskogenic fusion, is associated with variable clinical outcomes. [1] [2] [3] [4] [5] [6] [7] [8] [9] It has been associated with decreased improvement in Oswestry Disability Index and Short Form Health Survey scores as well as higher reoperation rates compared with fusion for more definable instability or deformity. 1, 3 Rates of fusion for degenerative disk disease and diskogenic low back pain have increased approximately 220% since 1990, and these are now estimated to be the most common indications for fusion in the Unites States. 5, 10 In addition, US patients with workers' compensation claims often have worse outcomes than the general population. 6, 8, [11] [12] [13] [14] [15] [16] [17] Reports of return to work rates among subjects receiving workers' compensation are typically low, ranging from 26% to 36% in several studies. 6, 8, 9, 12, 18 Rates of lumbar fusion within this clinically distinct population have been rising. 19 Even though workers' compensation is a welldescribed risk factor for worse outcomes, relatively few studies have evaluated this population for predictors of worse outcomes. 6, 9, 12, 13, 20, 21 Among those receiving workers' compensation, the ability to return to work is of particular clinical importance, especially when considering that the estimated cost of treating chronic low back pain is greater than $100 billion per year in the United States, and two-thirds of this cost is believed to result from lost wages and reduced productivity. 22, 23 Therefore, the authors wanted to identify preoperative factors that predicted return to work status after diskogenic lumbar fusion in patients with workers' compensation claims. The authors also compared population characteristics and secondary fusion outcomes between those who returned to work after fusion and those who did not.
Materials and Methods
This retrospective cohort study included 1037 subjects from the Ohio Bureau of Workers' Compensation database who underwent diskogenic fusion with at least 3 years of follow-up. The authors initially identified 14,640 subjects from the Ohio Bureau of Workers' Compensation administrative database who were diagnosed with lumbar comorbidities after a workplace injury that qualified for workers' compensation between 1993 and 2013 with International Classification of Diseases, Ninth Revision (ICD-9), codes. Those who underwent lumbar fusion surgery were identified with Current Procedural Terminology (CPT) codes. A CPT coding schema published by Nguyen et al 8 was used to characterize all fusion surgeries. The authors based the study and outcome measures on each subject's index fusion surgery after injury. This study did not require institutional review board approval because the authors worked directly with the legal department of the Ohio Bureau of Workers' Compensation and all subject data were deidentified.
From the initial population, 13,603 subjects were excluded. First, the authors excluded those who did not undergo lumbar fusion; those who underwent fusion for indications other than degenerative disk disease and diskogenic low back pain; those who underwent fusion with an approach other than anterior, posterior, or 360°; and those who had follow-up of less than 3 years. Then the authors excluded those with a history of other lumbar surgery, smoking, or failed back syndrome because these factors have been reported to negatively influence outcomes. 4, 12, [24] [25] [26] [27] The authors identified lumbar comorbidities, failed back syndrome, and smoking history with ICD-9 codes and the use of prescription smoking deterrents and previous lumbar surgery with CPT codes.
The final study population consisted of 1037 subjects who underwent anterior, posterior, or 360° lumbar fusion for degenerative disk disease and diskogenic low back pain with at least 3 years of follow-up. Next the authors determined which subjects returned to work within a reasonable amount of time after fusion. Specifically, the authors classified subjects as returning to work if they returned within 2 years of fusion and remained working for longer than 6 months of the following year. Only 241 (23.2%) subjects in the study population met these criteria, thus forming the return to work group. The remaining 796 (76.8%) subjects formed the out of work group. Figure 1 shows the subject selection process, and Table 1 lists the codes used to form the study population.
The primary outcome of this study was whether subjects met the authors' criteria for return to work. The authors measured the following secondary outcomes 3 years after index fusion: days out of work, medical costs paid by the Ohio Bureau of Workers' compensation, opioid analgesic use, use of physical therapy and chiropractic care, and rates of new psychiatric comorbidity, failed back syndrome, pseudarthrosis, newly awarded permanent disability benefits, all-cause mortality, and additional lumbar surgery.
Data on prescription opioid analgesic use were collected for all subjects before index fusion and within 3 years after index fusion. The authors determined the total number of days that each subject was supplied with opioids. All prescriptions were converted to morphine equivalents, and the total morphine equivalents supplied were calculated. The authors also determined the average daily morphine equivalents to quantify daily opioid loads for subjects.
Additionally, data on a number of important covariates were obtained, including age at index fusion, percentage of subjects older than 50 years at fusion, sex, approximated income, and rate of obesity. Specific incomes for each subject were unavailable. The authors correlated each subject's zip code of residence to a mean per capita income value based on 2010 US Census data. The authors determined the number of days out of work before fusion, the percentage of subjects out of work for longer than 1 year, the percentage of subjects receiving total or partial permanent disability benefits, and preoperative rates of psychiatric disorders, lumbar diskography, physical therapy, chiropractic care, and legal representation. For each subject, the authors characterized the fusion approach, graft types, and instrumentation.
To identify predictors of postoperative return to work, multivariate logistic regression analysis was used. The dependent variable was whether the criteria for return to work were met. In the regression model, the authors adjusted for the following preoperative and operative binary variables: out of work for longer than 1 year, single-level vs multilevel fusion, decompression with fusion, permanent disability benefits, age older than 50 years at fusion, sex, obesity, approximated income above or below the population mean, individual lumbar comorbidities, psychiatric comorbidity, lumbar diskography, physical therapy, chiropractic care, obesity, use of opioid analgesics for longer than 1 year, daily opioid load above or below the population mean, and legal representation. The authors adjusted for the following categorical variables: type of fusion surgery, instrumentation, and graft. The authors compared secondary outcomes and baseline population characteristics between the return to work and out of work groups with chi-square tests for binary and categorical variables and Student's t tests for continuous variables. P≤.05 was considered statistically significant. For all analyses, Statgraphics Centurion XVI version 16.2.04 software (Statpoint Technologies, Inc, Warrenton, Virginia) was used. Table 2 shows important preoperative characteristics for the return to work and out of work groups. Compared with the out of work group, subjects in the return to work group were 1.8 years younger (P=.005), were out of work for 421.7 fewer days (P<.001), and were supplied with opioids for 296.2 fewer days (P<.001), which equated to 18,916.9 fewer morphine equivalents (P<.001), with similar daily opioid loads. The return to work group had an 8.0% lower rate of being male (P=.020), a 40.7% lower rate of being out of work for longer than 1 year before fusion (P<.001), an 11.5% lower rate of psychiatric disorders (P<.001), an 11.5% lower rate of legal representation (P<.001), a 1.6% lower rate of permanent total disability (P=.046), and a 23.7% lower rate of preoperative opioid supply for longer than 1 year (P<.001). Table 3 shows important surgical data. The return to work and out of work Figure 2 shows the return to work rates associated with each of these predictors as well as the resulting return to work rate if that variable was excluded. The strongest negative preoperative predictor was psychiatric disorders, closely followed by prolonged work loss and long-term opioid use. If all subjects associated with these 3 variables were eliminated, then the overall return to work rate increased to 43.8% (154 of 352).
results
A chi-square goodness of fit test determined that there was no reason to reject the fitted logistic regression model at the 95% confidence level. No serious multicollinearity existed in the regression model because no correlation coefficient absolute value was greater than 0.5. Regarding the predictive capability of the regression model, with an outcome cutoff value of 0.55, where 1=will return to work and 0=will not return to work, the model achieved its highest overall predictive performance, with 77.3% of the observations in this study predicted accurately. This equated to a 13.9% prediction rate of true-positives (ie, those who would later return to work) and a 96.7% rate of truenegatives (ie, those who would not return to work). At cutoff values of greater than 0.55, the model approached 100% ability to predict those who will not return to work. Figure 3 shows the predictive performance of the model. The fitted regression model more effectively predicted those who will not return to work than those who will return to work. Table 5 shows data on secondary outcomes. As expected, subjects in the out of work group had considerably worse postoperative outcomes than those in the return to work group. Within 3 years after fusion, subjects in the return to work group were, on average, out of work for 611.6 fewer days than those in the out of work group (P<.001), and this was associated with $28,777.3 lower medical costs paid by the Ohio Bureau of Workers' compensation per subject (P<.001). In addition, subjects in the return to work group were supplied with opioid analgesics for 498.8 fewer days (P<.001), which equated to 43,110.8 fewer total morphine equivalents (P<.001) and a daily opioid load that was 8.4 morphine equivalents lower (P=.041). Subjects in the return to work group had a 12.0% lower rate of failed back syndrome (P<.001), a 2.1% lower rate of dying of any cause (P=.022), and an 18.4% lower rate of additional lumbar surgery (P<.001). Among subjects who did not receive permanent disability benefits before fusion, those in the return to work group had a significantly higher rate of newly awarded permanent disability benefits after fusion. However, further analysis showed that most of these subjects received partial disability benefits, whereas the out of work group had a 9.4% higher rate of new permanent total disability benefits after fusion (P<.001).
The rate of diagnosis of new psychiatric disorders was 19.8% lower in the return to work group (P<.001). It is concerning that 26.5% (185 of 796) of subjects in the out of work group were diagnosed with new psychiatric comorbidity after fusion, and 90.8% of these were diagnosed with depression. Only 11.0% (114 of 1037) of all subjects, 4.6% (11 of 241) of the return to work group, and 12.9% (103 of 796) of the out of work group underwent a psychiatric diagnostic examination before fusion. After fusion, 27.8% (288 of 1037) of all subjects, 10.8% (26 of 241) of the return to work group, and 32.9% (262 of 796) of the out of work group underwent psychiatric diagnostic examination.
The return to work rate for all subjects who were diagnosed with psychiatric disorders, either before or after fusion, was 6.0% (18 of 301). This rate increased to 30.3% (223 of 736) if these subjects were excluded.
discussion
Diskogenic fusion has been associated with variable clinical outcomes. [1] [2] [3] [4] [5] [6] [7] [8] [9] Patients with workers' compensation claims often have worse outcomes after fusion. 6, 8, [11] [12] [13] [14] [15] [16] [17] Relatively few studies have evaluated the risk factors for worse outcomes within this clinically distinct population. 6, 9, 12, 13, 20, 21 Among the 1037 subjects identified in the Ohio Workers' Compensation database who underwent diskogenic fusion, the authors identified a number of preoperative factors that predicted postoperative return to work status. The strongest negative predictor of return to work status was a history of a psychiatric disorder before fusion, with an associated return to work rate of only 2.0%. This was followed closely by being out of work for longer than 1 year and prolonged opioid use before fusion, with associated return to work rates of only 10.4% and 11.9%, respectively.
Overall return to work outcomes were poor, with only 23.2% of the study population returning to work after fusion. In addition, 69.7% of subjects who returned to work did so within the first year after fusion, suggesting that the longer that patients with workers' compensation claims are out of work postoperatively the less likely they are to return to work. Furthermore, even after subjects with the 3 strongest negative outcome predictors were removed from analysis, the resulting return to work rate was only 43.8%. Therefore, it cannot necessarily be concluded that subjects without these risk factors had good return to work outcomes. Subjects who did not return to work had considerably worse postoperative outcomes, as shown in Table 5 . It is concerning that the vast majority of subjects (76.8%) in this study did not return to work within a reasonable amount of time after fusion and thus had poor outcomes. Rates for return to work (RTW) associated with each significant prognostic factor from the regression model. Also shown are the RTW rates if patients with each individual predictive factor were removed from the population. The greatest difference in RTW rate was between those who were out of work for longer than 1 year before fusion and those who were not out of work for longer than 1 year (29.1%).
Figure 3:
Predictive ability of the function derived from the multivariate logistic regression model compared with actual observations in the study at all outcome cutoff values. The best overall predictive performance was achieved with a return to work outcome cutoff value of 0.55, where 1=will return to work and 0=will not return to work. At and above this value, the model accurately predicted subjects who would not return to work at a rate greater than 96%.
The high rate of newly diagnosed psychiatric disorders among subjects in the out of work group (25.6%) may have been related to poor outcomes after fusion, increased time away from work, disability, or postoperative complications. In addition, fusion may have precipitated a previously undetected psychiatric disorder. Only 11.0% of subjects in the out of work group underwent psychiatric diagnostic examination before fusion, compared with 32.9% who underwent examination after fusion. Return to work rates increased 5-fold when subjects who were diagnosed with any psychiatric disorder, either before or after fusion, were excluded. Although this change was only from 6.0% to 30.3%, the findings indicate the potential impact of better screening and treatment for psychiatric disorders before lumbar fusion. It also cannot be concluded that those without psychiatric disorders had good return to work outcomes.
Limitations
The study was limited by its observational and retrospective design. The authors adjusted for many relevant covariates in this analysis, but the study subjects may have varied in unobserved ways, and the findings may include some unmeasured confounding factors. The generalizability of the results to patients with workers' compensation claims in other states may be affected by different legislative regulations, treatment guidelines, and potential geographic effects on outcomes. For example, a recent study reported differences in outcomes between subjects receiving workers' compensation in California and Washington State because of policy and reimbursement differences. 28 In addition, the completeness of the data may have been limited by the use of the Ohio Bureau of Workers' Compensation administrative database. However, this database was used in earlier studies. 8, 9 Also, 2 recent studies reported high sensitivity and specificity of administrative billing data when compared with actual medical records, proving that such databases can provide accurate information, especially when identifying diagnoses, indications for surgery, and the type of procedure performed. 29, 30 
conclusion
The authors identified a number of significant predictors for worse return to work outcomes within a large population of subjects with workers' compensation claims. Psychiatric disorders, legal representation, extensive work loss, and prolonged opioid use before fusion negatively affected the likelihood of returning to work after fusion. The low return to work rates and other generally poor outcomes reported in this study may suggest a more limited role for spinal fusion in patients with degenerative disk disease and diskogenic low back pain who are receiving workers' compensation. Although the authors did not include a nonoperative control group for comparison with the study population, it is difficult to conclude that the study subjects had favorable outcomes. This study focused largely on return to work rates and work loss. It is possible that these patients did improve after fusion, but not to the extent that they were able to return to work. More studies are needed to determine whether diskogenic fusion can improve function and quality of life in the workers' compensation population. The authors hope that this study can help to identify which patients receiving workers' compensation may present a greater clinical challenge after diskogenic fusion.
references

